Abstract: A watershed-based assessment of wetland impacts and compensatory mitigation was conducted for the Cuyahoga River Watershed (CRW) in northeastern Ohio, USA, to explore the effectiveness of wetland mitigation regulations and any resulting cumulative changes to wetland and landscape structure. Mitigation projects from 23 Section 401 certifications and Ohio Isolated Wetland permits were evaluated for permit compliance, wetland structure, and landscape context. Although there was a net gain in wetland area as a result of the 23 permits, the CRW experienced a net loss of wetland acreage due to the exportation to mitigation banks located outside the watershed. The majority of projects (67%) that restored or created wetlands independently (not at a mitigation bank) were not successful at meeting permit requirements in terms of wetland area. The comparison of impacted and mitigation wetland vegetation types revealed an increase in open-water/emergent wetland area and a decrease in area of scrub/shrub and forested wetlands, along with a decrease in the number of wetlands from 134 impacted wetlands to 65 mitigation wetlands. Impacted wetlands were significantly smaller than replacement wetlands. Landscape composition surrounding the wetlands was highly variable, varying from 17%-75% natural land uses and from 18%-82% human land uses. We suggest that an improvement in compliance with permit requirements is necessary. Current wetland policy allows for the exportation of wetlands for mitigation purposes, which can result in the loss of wetlands from some hydrologic units. The consideration of wetland structure needs to be incorporated into the regulatory process to avoid a shift in wetland types that are present. Finally, instead of reviewing projects on a site-by-site basis, a landscape approach should be taken in order to avoid the loss of upland-wetland heterogeneity and the placement of mitigation wetlands in degraded landscapes.
INTRODUCTION
In the United States, under Sections 401 and 404 of the Clean Water Act (CWA), unavoidable by the United States Army Corps of Engineers (U.S. ACOE) for activities considered to have minimal impacts upon waters of the United States. Activities that meet the U.S. ACOE definition of minimal impacts are specific to and described within each general permit, which are reviewed and issued every five years. For those activities that have more than minimal impacts upon waters of the United States, an individual Section 401 State Water Quality Certification is also required. In the state of Ohio, the Ohio Environmental Protection Agency (OEPA) is responsible for issuing Section 401 certifications. The OEPA also issues Ohio Isolated Wetland permits for impacts to those wetlands that do not fall under federal jurisdiction. This program supports the principle of no-net-loss, committed to maintain and eventually increase the area of wetlands in the United States (USEPA-USACE 1990) .
After a few decades of implementation, it remains uncertain whether Sections 404 and 401 of the CWA are successful in establishing fully functioning wetlands. Mitigation success is frequently measured by comparing mitigation wetlands to natural ''reference'' wetlands. These studies often assess changes in the type of wetlands and the plant community being constructed (e.g., marsh, floodplain, scrub/ shrub) (Craft et al. 2002 , Balcombe et al. 2005c , while others characterize bird communities (Darnell and Smith 2004 , Balcombe et al. 2005a , Keagy et al. 2005 , aquatic fauna (West et al. 2000 , Balcombe et al. 2005b , and biogeochemical processes (West et al. 2000 , Craft et al. 2002 , Brooks et al. 2005 . In diverse locations of the United States, information has also been compiled to assess permit compliance (Texas and Arkansas: Sifneos et al. 1992 ; Oregon and Washington: Kentula et al. 1992; central Pennsylvania: Cole and Shafer, 2002; Tennessee: Morgan and Roberts 2003; San Francisco Bay region, California: Breaux et al. 2005) .
Few assessments have compared the wetlands that were impacted with the mitigation wetlands that replaced them (but see Shafer 2002, Minkin and Ladd 2003) . Such direct comparison is the ideal approach to understanding whether or not mitigation policy is effective (Zedler 1996) but is often challenging because of the lack of records kept on the impacted wetlands . One difficulty in this type of assessment is the analysis of wetland function, especially for impacted wetlands that have already been eliminated for development. Instead, we have to rely upon information that has been collected for these wetlands prior to their destruction. Such information is often limited and lies mostly within assessment reports submitted for Section 401/404 application. Despite these limitations, to understand the impact of mitigation practices within a region, we must make an effort to compare what is being lost to what is being produced.
The need for a watershed-based approach has also been raised (Bedford and Preston 1988 , Zedler 1996 , Environmental Law Institute 2004 . Watershed and landscape based approaches are recommended because many wetland functions rely upon conditions in the surrounding landscape (Amezaga et al. 2002) . Despite this understanding, few studies of wetland mitigation have taken this large-scale approach (but see Kelly 2001 , Johnson et al. 2002 , probably because many mitigation projects are conducted on a site-bysite basis without considering the broader landscape (Bedford and Preston 1988 , Race and Fonseca 1996 , Zedler 1996 . Wetland impacts and mitigation efforts might result in a spatial re-configuration of wetlands within the landscape (Bedford 1996 , Kelly 2001 . This re-configuration could include changes in 1) the spatial extent of wetlands including size, number, and location, 2) wetland characteristics such as hydrogeomorphic class or vegetation type, and 3) land uses surrounding wetlands. These re-configurations can be expected to have an impact upon the functions that wetlands are able to provide (Tilton 1995 , Faulkner 2004 , Houlahan et al. 2006 .
In this study, we conducted a watershed-based assessment of wetland mitigation using information from Section 401/404 applications. The lack of data on impacted wetlands limited the comparison of impacted and mitigation wetlands to strictly structural metrics. The objectives of the study were to: 1) assess the level of compliance with permit requirements and net gain/loss of wetland area overall and on a watershed basis; 2) determine whether any changes in wetland structure have occurred as a result of wetland impacts and mitigation efforts; 3) quantify whether the mitigation practice altered the number, size, and density of wetlands; and 4) describe the land uses surrounding mitigation wetlands.
METHODS

Permits Assessment
We reviewed the Section 401 certifications and Ohio Isolated Wetland permits issued by the Ohio Environmental Protection Agency (OEPA) for impacts to surface waters within the Cuyahoga River Watershed (CRW). The CRW is located in northeastern Ohio (USA) (Figure 1 ). The CRW covers an area of 2,106 km 2 of both urban and rural land uses, including a portion of the Cuyahoga Valley National Park. Twenty-three permits issued between January 1, 1995 and January 1, 2003 and requiring compensatory mitigation provided the basis for this study (Figure 1 ). Permits for which wetland were created after January 1, 2003 were excluded to allow sufficient time for wetland characteristics to develop, while permits issued prior to 1995 were not available.
Information regarding the area, location, and type of vegetation of the impacted wetlands, as well as the required wetland area for mitigation, were taken from permit files. Material provided by the applicant in the permit files was used to determine the area of four vegetation types for each impacted wetland [open-water/submergent vegetation, emergent vegetation, scrub/shrub vegetation, and forested vegetation]. Because many applicants failed to discriminate between open-water/submergent vegetation and emergent vegetation, these two categories were combined for the analysis. Merging the two vegetation types limited our ability to describe certain changes in plant structure and, in particular, to determine whether mitigation practices created deeper/wetter wetlands in the landscape. ACOE 1987) . Wetland boundaries were mapped using a Trimble GeoXT handheld Global Positioning System (GPS). To standardize coordinate data collection, a point was taken at each location where the wetland boundary turned 10u or more. Point data were later processed and differential correction was conducted using stationary files from the nearest base station. Data were imported into ArcGIS software (ESRI) to calculate wetland area. Percentages of vegetation types (open-water/submergent, emergent, scrub/shrub, and forest) were visually estimated in the field for each wetland.
During the delineation of the mitigation wetlands, two problems were encountered that resulted in an over-estimation of wetland area: 1) presence of deep open-water habitat and 2) existence of wetlands on site pre construction. Two mitigation sites contained deep open-water habitat that was fringed by emergent and submergent vegetation wetland. Given time and methodological constraints, we did not delineate the open-water-wetland boundary. Although the deep open-water areas would not normally be counted for wetland mitigation credit by OEPA, they were included in this study. Additionally, at three other sites, project maps revealed wetlands that were located adjacent to and within mitigation wetland boundaries. Essentially, existing wetlands were expanded during the mitigation construction process. It was not possible to delineate the precise boundary between the natural wetlands and mitigation wetlands, so these areas of natural wetland were included with mitigation area. The information collected at the mitigation sites was compared with the data available on the impacted wetlands in the permit files. This comparison allowed us to calculate net change of wetland area, to determine compliance with permit requirements, and to assess any changes in vegetation types. We also calculated the mandated mitigation ratio (defined as the area of mitigation wetland requested to be built divided by the area of impacted wetland), and the actual mitigation ratio (defined as the area of mitigation wetland actually built divided by the area of impacted wetland).
Number, Size, and Density of Wetlands
The number and size of impacted wetlands were compared to the number and size of mitigation wetlands using information from permit files (for impacted wetlands) and GPS data (for mitigation wetlands) for all 23 projects. We assumed that wetland area created at a mitigation bank was located within a single wetland. This analysis was conducted for all projects combined, as well as on a per-project basis. Additionally, for each independent project (n 5 12), the density of impacted wetlands was compared to the density of mitigation wetlands on a per-project basis using the patch density (i.e., number of wetlands/100 ha) metric in the software FRAGSTATS Spatial Pattern Analysis Program, Version 3.3 (McGarigal et al. 2002; see Kettlewell 2005 for complete description of the method). Impacted wetland polygons were created by scanning and geo-referencing projects maps supplied by the permit holder. Mitigation wetland polygons were created using GPS data collected in the field. For each impacted and mitigation site of all 12 independent projects, landscapes (with only impacted and mitigation wetland land uses) were created with the buffer tool within ArcGIS (ESRI, Inc.) using a buffer of 1,000 m from wetland edges. Mitigation wetlands were created at two different locations for Project #5, resulting in Project #5a and 5b. Wetland density for the two mitigation locations associated with this project was combined.
Land Use Setting
The availability of high resolution aerial photographs proved to be the limiting resource for assessing land uses around each wetland. Quality aerial photos were only available for recent years, making it impossible to estimate land uses around the impacted wetlands with certainty. Therefore, we focused on describing land use surrounding the mitigation wetlands. Six inch (15.24 cm) resolution, county-level aerial photos taken between years 2000 and 2002 were used to digitize land uses into 13 different classes: agriculture, construction, forest, industrial, mitigation wetland, mowed, oldfield, park, pond, residential, road, waterway, and wetland. Land use classes were eventually grouped into human (i.e., agriculture, construction, industrial, mowed grass, residential, and road), natural (i.e., forest, old field, and park), and surface water (i.e., mitigation wetland, pond, and wetland) categories. Out of the 12 independent projects, eight projects were included in this land use analysis. For this analysis, the two mitigation locations for Project #5 were kept separate, providing a total number of nine projects. Land uses were digitized using ArcGIS (ESRI, Inc.) at a map scale of 1:2000-1:4000 (see Kettlewell 2005 for complete description of the method). Landscapes were analyzed within the 300-m and the 1,000-m buffers from the edge of mitigation wetlands. The number of wetlands located in 300-m and 1,000-m buffers (excluding and including mitigation wetlands) was also assessed. These two buffers size, while somewhat arbitrary, were selected because they represent local and larger-scale processes that may be critical in maintaining wetland structure and function. The 300-m buffer adjacent to a wetland affects wetland plant diversity (Houlahan et al. 2006 ) and serves as critical terrestrial habitat for reptiles and amphibians Bodie 2003, Colburn 2004; Porej et al. 2004 ). For some amphibian species, a 1,000-m buffer is optimum to maintain metapopulations (Vos and Stumpel 1995, Knutson et al. 1999; Porej et al. 2004 ).
Statistical Analysis
Minitab statistical software Version 12.23 was used for all statistical analysis. The significance level was set at a 5 0.05 for all statistical tests. Pearson's correlations were used to select landscape indices for various portions of land use analysis and to test whether variance in landscape area affected metric values. A Pearson's coefficient of r . 0.700 or r , 20.700 was used to indicate metrics that were significantly correlated. Two sample t-tests were used to compare impacted and mitigation wetland characteristics when all projects were combined. Paired t-tests were used to compare impacted and mitigation characteristics on a per-project basis. Outliers were identified using the Box and Whisker Plot procedure. The data were log-transformed when necessary to meet the assumptions of the analysis (normality and homoscedasticity).
RESULTS
Permit Compliance
Of the 23 projects evaluated, eight were mitigated for wetland losses by purchasing ''wetland credits'' at various mitigation banks within the Ohio portion of the Lake Erie basin, outside the CRW. One project was mitigated at a bank owned by the applicant within the watershed. Two projects that impacted wetlands within the watershed were mitigated entirely through wetland preservation. Twelve projects relied upon independent creation or restoration efforts to mitigate for wetland losses (i.e., not at a bank). Of these 12 projects, 11 were located within the CRW. Nine of the 12 independent mitigation projects were constructed ''on-site,'' while three sites were constructed at a location other than the impact site. Sixty-five wetlands were created as mitigation for 134 impacted wetlands. Because several wetlands can be impacted or created for each permit, the number of projects does not reflect the number of wetlands.
For the 23 permits, 14.95 ha of wetlands were lost, 27.78 ha of created wetlands were required, and 26.27 ha of mitigation wetlands were created. The 26.27 ha of mitigation wetlands assumes that requirements for the eight mitigation bank projects were adequately met. The result is a net gain of 11.32 ha of wetlands at an actual mitigation ratio of 1.76:1, while the mandated mitigation ratio was 1.85:1. A total of 5.24 ha (10 projects) of wetlands were purchased from a pooled mitigation bank and 0.77 ha (one project) of wetlands were created within a private mitigation bank. Another 20.26 ha (12 projects) of wetlands were either created or restored by the applicant independently. An additional 2.11 ha of wetland enhancement and 21.30 ha of wetland preservation were proposed, although these areas were not evaluated for compliance. Of the 12 independent projects, the mandated mitigation ratio averaged 3.96:1 and ranged from 1.00:1 to 25.50:1. If one outlier was removed, this ratio decreased to 2.00:1 (ranging from 1.00:1 to 3.54:1). The actual mitigation ratio averaged 3.11:1 and ranged from 0.87:1 to 14.00:1. Once again, if one outlier was removed, this ratio dropped to 2.12:1 (ranging from 0.95:1 to 4.88:1).
Within the CRW, 14.58 ha of wetlands were lost and 11.36 ha of mitigation were created. The remaining 14.91 ha of wetland mitigation were exported from the watershed. Two projects were responsible for 9.67 ha of exported wetland area and 5.24 ha of exported wetland area were the result of purchasing mitigation bank credits. While the mandated mitigation ratio was not significantly different from the actual mitigation ratio on average (p . 0.05, df 5 11, t 5 0.83), the majority of the 12 independent projects (n 5 8) did not achieve the required wetland area (Figure 2 ).
Vegetation Types
The majority of mitigation wetlands were comprised of open-water/emergent vegetation (82.8%), followed by scrub/shrub vegetation (14.7%) and forested vegetation (2.5%) (Figure 3 ). Based on information contained in permit files, impacted wetlands were also dominated by open-water/ emergent vegetation (42.5%), followed by scrub/ shrub (41.0%) and forested vegetation (16.5%). Emergent wetlands were replaced at a ratio of 3.6:1, scrub/shrub wetlands were replaced at a ratio of 0.65:1, and forested wetlands were replaced at a ratio of 0.28:1. If only the mitigation wetland created in the CRW are considered, emergent wetlands were replaced at a ratio of 2.3:1 and scrub/shrub wetlands were replaced at a ratio of 0.03:1 (i.e., all forested wetland impacts were mitigated within the CRW).
Mitigation associated with the 12 independent projects led to an increase in open-water/emergent wetland area per project (p 5 0.014, df 5 11, t 5 22.91) and a decrease in scrub/shrub wetland area (p 5 0.019, df 5 11, t 5 2.75) ( Table 1 ). The change in forested wetland area was not significant. However, an analysis of presence/absence of vegetation types indicated that forested vegetation was present more often in impacted wetlands than mitigation wetlands (p 5 0.017, df 5 11, t 5 2.80). Changes in the presence/absence of open-water/ emergent and scrub/shrub wetlands were not significant.
Number, Size, and Density of Wetlands During this mitigation process, 134 wetlands were destroyed in the CRW, while 50 were created. The decrease in number of wetlands on a per-project basis was not significant; however, when one outlier was removed (Project #12), the decrease became significant (p 5 0.004, df 5 21, t 5 3.26). Project #12 led to the creation of 25 of the 65 mitigation wetlands. Mitigation wetlands (n 5 65) for all Figure 2 . Percent deviation from the required mitigation wetland area for the 12 independent projects (i.e., projects that did not use a mitigation bank). Projects with bars above the zero line constructed more wetland area than necessary, while those below the zero line failed to meet mitigation requirements. Figure 3 . Vegetation types of impacted and mitigation wetlands for the 12 independent projects (i.e., projects that did not use a mitigation bank). The wetland areas shown in dark grey were exported to other watersheds. Table 1 . Vegetation types by wetland area for impacted and mitigation wetlands for the 12 independent projects (i.e., projects that did not use a mitigation bank).
Project #
Impacted Wetlands Mitigation Wetlands
Emergent Open-water Forested Scrub Shrub Emergent Open-water Forested Scrub Shrub projects were significantly larger in area than impacted wetlands (n 5 134) (p 5 0.027, df 5 74, t 5 2.26; Figure 4 ). The average size of impacted wetlands was 0.11 ha, and the average size of CRW replacement wetlands was 0.23 ha. If two outliers were removed, the significance became greater (p 5 0.002, df 5 66, t 5 3.21). No difference in wetland density (i.e., number of wetlands/100 ha) was noticed as the result of the mitigation process.
-------------------------------------------------------------------------------------------------------Ha -----------------------------------------------------------------------------------------------------
Land Use Setting
There was considerable variation in land uses surrounding the nine mitigation projects studied (Table 2) . Within the 300-m buffers, natural and human land uses occupied 33% to 75% and 18% to 65% of total landscape area, respectively. At the 300-m level, three projects (Projects #2, 3, and 4) were dominated by human land uses, while five (Projects # 1, 5a, 5b, 6, 7, and 8) were dominated by natural land uses. Natural land uses within the 1,000-m landscapes occupied 17% to 59% of the total landscape area and human land uses represented 31% to 82% of the area. At the 1,000-m level, five projects (Projects #2, 3, 4, 5a, and 6) were dominated by human land uses and four (Projects #1, 5b, 7, and 8) were dominated by natural land uses. More specifically, forest was the dominant land use within 300-m and 1,000-m buffers surrounding six of the nine mitigation projects. The second and third most common land uses were residential and oldfield for the 300-m buffers, and residential and industrial for the 1,000-m buffers. Within the 300-m buffers, the number of wetlands ranged from 0 (Projects # 3, 4, and 8) to 8, while at the 1,000-m level, the number of wetlands ranged from 0 (Project #4) to 19. When mitigation wetlands were included, the number of wetlands ranged from 1-10 at the 300-m level and from 1-20 at the 1,000-m level.
DISCUSSION
Recent studies of wetland permit compliance have re-enforced uncertainties about our abilities to create wetland ecosystems. Some reports highlight that most permit-holders are in compliance with permit conditions (e.g., Shafer 2002, Minkin and Ladd 2003) , while others stress that the majority of permit-holders are unable to successfully meet permit requirements (e.g., Johnson et al. 2000, Brown and Veneman 2001) . Both netgains and a net-loss of wetland area have been reported. Our study suggests that, overall, the mitigation process resulted in a net-gain of wetland area. However, the majority of the projects that we reviewed did not meet wetland area requirements, and the CRW experienced a net loss of wetland area. Only 78% of the area of all the wetlands impacted is now present as mitigation wetlands within the watershed, highlighting one of the problems associated with ''off-site'' mitigation. Because our analysis led to an over-estimation of wetland area (i.e., inclusion of deep open water and of natural wetlands in some mitigation wetlands), the net change of wetland area could have been even more detrimental.
Eight of the 23 projects mitigated for impacts by purchasing wetland credits at a mitigation bank outside of the CRW. Mitigation banks have been designed to allow permit-holders who are impacting small areas of wetland to mitigate for impacts by purchasing ''wetland credits'' instead of creating or restoring wetlands ''on-site'' (Reppert 1992) . The question then, is to what extent we should allow wetland functions to be trans-located geographically. In Ohio, permit-holders are restricted to using mitigation banks that are located within the same ACOE district (i.e., Buffalo or Huntington) where the impacts occur. Mitigation banks are generally restricted to service areas of one or two 8-digit hydrologic unit code watersheds. However, applicants are permitted to purchase mitigation credits for impacts to lower quality wetlands at banks elsewhere within the same ACOE district (Ohio Administrative Code 3745-1-54). Such authorization of wetland exportation should consider the function and context of the impacted wetlands and the Figure 4 . Size-ranked display of all impacted (dark circles) and mitigation (gray diamonds) wetlands for the 12 independent projects (i.e., projects that did not use a mitigation bank). The y-axis shows the area of each wetland. The x-axis ranks each wetland by size showing 65 mitigation points and 134 impacted points. Note that many of the wetlands were very small, with an area close to zero. mitigation bank. If the impacted wetlands are functionally inferior and located within a degraded landscape, then their replacement with a higher quality mitigation wetland may be justified. Specific to the watershed we studied, it is worth noticing that a portion of the lower Cuyahoga River has been declared by the International Joint Commission in 1988 as an area of concern. Areas of concern are designed to focus efforts to clean up the most polluted areas of the Great Lakes region. As wetlands ecosystems are well-known to contribute to improving water quality, the net loss of wetland from the CRW is therefore counter-productive to the goal set by the International Joint Commission (1988) .
In this study, impacted and mitigation (Bedford 1996 , Gwin et al. 1999 , Hoeltje and Cole 2007 . Other wetland mitigation studies also have reported a shift from forested and scrub/shrub wetlands to emergent/open-water dominated systems (e.g., Brown and Veneman 2001 , Cole and Shafer 2002 , Minkin and Ladd 2003 . It has been suggested that this shift is occurring because emergent/open-water wetlands are easier to construct than forested or scrub/shrub wetlands Shafer 2002, Porej 2003) . Construction of a deep open-water/emergent depression also seems to be the most reliable way (Porej 2003, Hoeltje and Cole 2007) to meet the hydrology, soil, and vegetation requirements set forth by the ACOE wetland definition (U.S. ACOE 1987). Such a shift in wetland types is likely to cause a regional shift in biodiversity (Gwin et al. 1999 ) and probably will be associated with a shift in wetland function (Minkin and Ladd 2003) . Despite these concerns, it is worth noting that forested and scrub/shrub wetlands will take longer to get established than emergent wetlands. In other words, we could hypothesize that the dominance of emergent wetlands over forested and scrub/shrub wetlands might decrease as we allow successional processes to occur. In addition to change in wetland type, the mitigation process altered the spatial configuration of wetlands in the CRW. Essentially, the landscape is experiencing a consolidation of many small wetlands into fewer, larger ecosystems. The maintenance of a rich distribution of wetlands in the landscape is certainly just as important as maintaining high quality wetlands (Kelly 2001 , Amezaga et al. 2002 . The loss of many small wetlands has consequences upon landscape heterogeneity and metapopulation dynamics (Semlitsch and Bodie 1998) and possibly upon nutrient and water cycles (Kelly 2001 ). In addition, many of the mitigation wetlands we studied had few wetlands in their surrounding area. This disconnectedness from other wetlands and water bodies in the landscape can have effects on many ecological functions (Amezaga et al. 2002) .
Our landscape analysis further indicates that there was considerable variation in the type of land uses surrounding mitigation wetlands. A few projects were located in landscapes dominated by human land use. One mitigation wetland, for example, was an open-water wetland located within a suburban housing development. Another mitigation wetland was a fringe wetland surrounding a storm-water retention basin within a very urban area. In contrast, other mitigation wetlands were surrounded with natural land uses, often because of their location within parks. The land use surrounding wetlands can be critical to maintain wetland structure and function, and urban development in many watersheds is a threat to the integrity of many wetlands (Kentula et al. 2004) . For example, some amphibian species such as mole salamanders (Ambystoma spp.) and wood frogs (Rana sylvatica) require a large core of upland forest associated with their wetland breeding habitats Bodie 2003, Colburn 2004 ) and urbanization negatively impacts these species (Knutson et al. 1999, Houlahan and Findlay 2003) . Many amphibian species are maintained within metapopulations, requiring a heterogeneous forest-wetland landscape for population survival. Landscape influences other important characteristics of wetland ecosystems such as exotic plant species distribution and abundance (Ehrenfeld and Schneider 1991) , bird community composition (Croonquist and Brooks 1993) , and water quality (Houlahan and Findlay 2004) . Examining the spatial distribution of wetlands within a watershed and the composition of the adjacent landscapes would allow for a more comprehensive understanding of the changes resulting from mitigation practices.
CONCLUSION
Although the permits studied resulted in an overall net gain of wetlands, the CRW has experienced a net loss of wetland area. The majority of mitigation wetlands (and the functions they support) has been exported to other watersheds in the state, as a result of off-site mitigation, including the purchasing of wetland credits from mitigation banks. The net loss of wetland area from the watershed is also partly due to the inability of permit-holders to construct the required amount of mitigation wetland area. More rigorous follow-up and enforcement is necessary to ensure that wetland impacts and permit requirements are being adequately addressed. Permit-holders and regulatory agencies should also consider the locations of wetland impacts and mitigation instead of relying solely upon a site-by-site review. We strongly recommend that agencies consider changing policies to perform mitigation in the watershed from which the wetland was destroyed.
The CRW has experienced a shift in wetland structural characteristics as a result of wetland mitigation efforts. There are fewer, larger wetlands being constructed than are being lost. This shift could indicate an increase in the distance between wetlands and a loss of upland-wetland complexes. Many of the forested and scrub/shrub wetlands that are destroyed are being replaced with emergent vegetation and open-water wetlands. Although these structural characteristics are not measures of wetland function, they could be indicators that some functional changes are occurring both within wetlands and across the landscape. Incorporating landscape setting into the permitting process would allow for a more comprehensive understanding of any changes that are resulting from mitigation efforts. Additional research is necessary to understand how landscape structure affects the functioning of wetlands themselves and their ability to improve downstream water resources.
